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SQUARE PIATE WITH CLAMPED EDGES UNDER NORMAL PRESSURE“““‘

PRODUGING LARGE DEFLECTIONS

By Samuel Levy

'”SUMMARY S T

A theoretical analysis is given for. the stresses and
deflections of a sguare plate with clamped edges under nor— _ o
mal pressure producing large deflections. Values of the SR
bending stress and membrane stress at the center of the o
plate and at the midpoint of the edge are given for center
deflections up to 1.9 times the plate thickness. The shape _
of the deflected surface is given for low pressures and .
for the highest pressure considered. Convergence of the R .
solution is considered, and it is estimated that the pos-— R
sible error is less than 2 percent. The results are com— I
pared with the only previous approximate analysls known to
the author and agree within 5 percent. They are also o CeT
shown to compare favorably with the kmown exact solutions S
for the long rectangular plate and the circular plate, -

INTRODUCTION . : . SR

3

An exact solution for the small deflections of a
plate with clamped edges was given by Hencky in reference
2 and an approximate solution for large deflections was o o- -
presented by Way in reference 3, In a previous paper ~ T T
(referencel) there is presented a solution of the funda-— T
mental ¥Von Kérmén large—deflection equations for a simply
supported rectangulatr plate under combined edge compres— ’
sion and lateral loading. -

In the present paper a theoretical analysis is glven
for the stresses and deflections of a square Pplate under
normal pressure produclng large deflections,. The edge
supports are assumed to clamp the plate rigidly against
rotations and dieplacements nérmal t6 the edge but permit o
displacements parallel to the edge., The analysis replaces T
the edge bending moments by an equivalent pressure dis~ ST
tribution and then applies the general solution for the T ’
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simply supported rectangular plate. The results for small
deflections obtained by the analysis agree exactly with
those of Hencky and for large deflections differ by less
than 5 percent from the approximate solution of Way.

The work was carried on with the financial assistance
of the National Advisory Committee foar Aeronautics. Ac—
knowledgment is made to the Bureau of Aeronautics, Navy
Department, for its ccoperation in a program of ftests of
rectangular plates under normal pressure that furnished
the background for the preparation of this paper. The
author 1s grateful for the asistance of members of the
Engineering Mechanics Section of the National Bureau of
Standards, particularly that of Dr. W. Ramberg and Mr. S.
Greenman. -

FUNDAMERTAL EQUATIONS

Symbols

Consider an initially flat square plate of uniform
thickness (fig. 1), and let

a length of sides
h - thickness
P normal pressure, assumed uniform
w normal displacement of points of middle surface
E Young's modulus
" Poisson's ratio
Eha ) .
D - flexural rigidity of plate

12 (1—p2)

X,y coordinate axes lying along edges of plate with
their origin at one corner

edge bvending moments ver ‘unit length about =x and
y axes, respectively - ‘

o normal stress

T shearing stress
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tensile strain, unit elongation T —

Y shearing strain : . _ T T
CxsTy extreme—fiber stresses in d{fectidns of axes
04,04 median;fiber stresses in directions of axes -
0;.0; extreme—fiber bending stresses in directions of _
axes .
Ym,n deflection coefficieﬁts
b stress function
bm,n stress coefficients _
_x,E& average median—fiber stresses in x and ¥y
directions, respectively
P, (x,¥y) auxiliary pressure replacing edge moments »
bb(x,y) unif orm normal pressure P expressed as a Fourler

series

Pe(x,7) = p,y(x,¥) + py(x,¥)

Pr,s coefficient in Fourier series for pressure,
Pc(x-Y) "

c moment arm of auxiliary pressure distribution,
Pa(x Y) T

kr,ks. moment coefficients

Expressions for Btresses and Strains

The general equations for stresses and strains are
developed by Timoshenko in reference 4 {(ch. IX) and are
alse given in réference 1. The stresses at the middle
surface of the plate are related to the stress functien
F by: . - -

32F )
9% = 353
- ZF * . .
o = . @)

x

d2F

——

= d3x Oy
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the extreme—~fiber bending stresses in the plate are re-
lated to the deflections by

Eh 33w 2%w N\ o
Ox = - T3 "3 " z
2(1-p°) \3x dy~ /
it aaw
g E— USSR,
y 2(1-p®) \ay® - dx*®
) Eh ( 35w )
T = -
xy (1+p) \ 3xdy y

(2)

and the extreme—fiber bending stresses at the edges of the
plate are related to the bending moments per unit length

by:

The strains

6m
¥ n=

6m,

Gm

y h*e

at the middle

1
- J— '—0" K
Logeoy)

1
= E(c&—pci)

2 (1+p)

}> (x=0, x=a)

=. + y"a)

surface of

2

1 (b F 'u
B 3y* -

1(5% o
E axa .

'azF\ F

y

the plate are:

2 h

ar)
dx*

Bya/

3T

2x3y

(3)

(4)
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Belations between Edge Moments and Lateral Pressure

The required edge moments mx. my~w1ll be replaced
by an auxiliary pressure distribution Pga (x,y) near the
edges of the plate as shown in figure 2, If this pressure
distribution is expressed by a Fourier series (reference
5, p. 295) and the value of ¢ approaches zern, the
auxillary pressure is

o™ o= .
T e . o .
) : T 41rm.,. &1 41m -~ 8T
Pa(x,Y) = )" . 2T gin 0% 4 a —2s 8 inany (5)
r=T‘, 3, Beve a'2 I & 3=1,3, Se oo a a

Express. m. and m, by a Fourier series, where k

x b s
and k. are coefficients to be determined and where for
a square plate kg = k., when s = r, o

o=
4a® E TTX
n, = -3~ P __ ke sin ——
) r=1,3,5... a
=, (8)
2 =
m, = P L ky sin ——
7 w 8=1,3,5.:.

Inserting equation (6) in equation (5) Lives

X gy -

. 4\_2 . - 'S i S
P, (x,y) ={ =)} -p 7 / (rk +sk_ )sin——sin (7)
& \Tr/ r=175, 5... s=‘~1_.,:3,5..."_’s ¥ a8 -
The uniform narmal pressure .p may also be expressed
by a Feurier series {(reference 5, p. 295) as,
N e .
/'4\3 . .) :T 1 rUx sy -
o (x,y) ={ = " -/ Lo\ oo stng siam (8)
\~ / r=1, 3 5.. §=1, 3,5.,.. %8 .2
The addition of the niferm normsgl pressure bpy(x,y)
and the guxiliary pressure replacing the edge mcments.
p,(x,y) 1is obtained by adding equatirns (7) and (8) and
gives *® oo : ; ; o —
2z e o ___m
4~ 1 N, TEX Yy
Pe (x,¥) =72 psr -— * ‘Tky + skp; sin sin {9)
\"/ F=1 g=i\rs / a a
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where

4 (1 \
PI‘,S {;T—/‘I p\;-;- + rk's"+ Skr / (10)

Relation between Stress Functien F, Deflection w,
and Pressure Loefficients Pr,s

Since the edge moments m, and m have been re-—
placed by the auxiliary pressure distridbution pa(x,y)
(equation (7)), the general solutior for the simply sup—
ported rectangular plate given in reference 1 may be ap—
plied. This solution was derived in terms of Fourier
series from the Von Kdrmdn equaticns (reference 6). The
form of Von Kdrmén's equations used is that given on page
343 of reference 4.

2 2 2 2
2%y 34F 3*%F TN dwdw
+ 2 + = B | < }
dx dx%ay®  oy* -

3%w 3w 3%w - h(baF 3% 2% 2% 3°r azw\

axby/ dx® 2y®

%

+ 2 + = = — + -2 (11)

ax* bxaaya dy* D D = °

ay- dx> ax° dy°  axdy Bxby/

For the square plate fthe general solution describes the
deflection by the Fourier series, -

[» ]

[
= N
mex - amy
w = / ) w gin —— Fin —~—— (12)
—— ) — m,n a a
m=1l,3, 8§,..., n=1,3,858,..,.

the pressure by the Fourier series previously glven in
equation (9),

[>~] -

X 8Ty
Pr,s sin sin —— (13)

y 3,5,... 821,3,5,,.. a &

(18

p,(x,7) = e

oY

and the stress function ¥ by the Fourier series and poly-—

nomials,

F= + + zd o
2 2 m=0,2 ,4,... N=0,2 ,%,...

mitx nmy
Py pn COS cos (14)
m,n a a
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and shows that for zero displacement normal to the edges
of the plate, ' '

[02] o ﬂ
E.'TB N \ S
g - po_ = - / niw?
x v 5. _ T ) _ m,n
8a” m=1,3,5,.,s. RF1,3,5,.-.
' >
and 2 = e (15)
B Y
5 5 = ) 02y
v B Oy = 2 — S ‘m,n
82° mM=1,3,5,+0s0. OF 1, 3y 540 :

The general solution (reference 1) gives generél eqﬁatiéns
from which the membrane stress function coefficients Dby ,

can be calculated in terms of the deflection function co-—

efficients wy ,- For the special case where a =D

(square plate): in the present papers the first 23 of
these coefficients Dby , are,

'\
B )
bo,2=b2,o=ﬁ(wl.12"‘9“’1,32"'3“1,1W1,'3*18"’1,3"3.3“’35"'1,53
- B —2W1y, W1, 5.0 )
b°14‘=b4’0=_6-2 (w1’1w1,3+ 9w1’3w5:3—w111wl’5"'. . .
E . . R
ba,a='E(Wl,1W1,;—2W1,32+4W1.3W;L5‘9W3,3w1.5'") S
E 2 2 T
bo,6=b6,0=288 (wy 57+9ws, 5 +3w1’1w1,5...)
— E 2
b2,4"b4,2"4OO~€*W1,1W1,3+35W1,3 +Ow,y,aWs, 3+ 9V 1 Wa s
z . —49W1’3W1'5+81W3’3W1’5-..)
Yo,8=b%e,0= 355 (wa, swa1,g.--) -
E . _
ba,6=be,2= 55 (—Wi,:Wi,s+9W; zWs,s+l6w, aw eee)
400 L ’ r ] ) 1, 1,8 > (16)
_..-.E ] 2 .
b4’4—§ (_W1,3 +8W1’3W1’5"’9W1’5 -'0)
s -
%0,10. = ®10,8 = g5 (wi,5%..)
B S .
ba,s = bg,a = i34 (—W1,3W1,5+81W3,3W1,5o»-)
E .
RN e AT T (—9wy, aWg, 549w, 3wy, s+169w;,5°%...)
b = b = —E_ (-9 )
2, 8 8, 4 1600 —YWgz, gW1,5e--
B 2 '
bs,s‘g‘g("wl,sn'-) -
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The famlly of equations relating the pressure coeffi-—
cients ©pr,g and the deflection ¢oefficlents wp p are .

also given by the general solution (reference 1). For the
special case a = b (sguare plate), presented in this
paper, the first 22 terms in each of these equations are
given in table 1 for Pojigsen's ratio W = 0.316., Advan—
tage has been taken of the relation Wn,n = ¥a,ms which

holds for a square plate under symmetrical loads, to re-—
duce the size of table 1 as well as equations (16). As

an example of the use of table 1, the first few terms of
the firet equation (giving the relation between Py, and
and the wy pn's) are given in equation (17).

Wi,12 s ' Wi,1 2 Wi,z
~0,375 + .
h h h

(17)

P, a2 Wai,1
0=e ———r+ 0,370 + 0.490
7 Eh h

Magnitude of Edge Moments m, and oy

The edge moments m, and m must now be determined
‘to satisfy the condition of zero slope at the edges of the
plate. Setting the slope perpendicular to the edges_ x =0

and x = a, equal to zero gives .
o =]

dw ' ‘ w7 n
(_~> = 0= Z ' Z — wii,nein =2 (18) '
0% /x=0,x=a & &

m=1,3,5,... n=1,3,6,..,

and setting the slope perpendicular to the edges y = O
and y = a %o zero gives,

0 - .
2x) VY ) M, etE ()
Oy/y=o0,y=a D=1, 3,6,¢e00 A=1,3,5¢0. - ! a

Equations (18) or (19) are equivalent to the family
of equations ' .
W

Q=w 3’1+3W 3'3+5w 3’5+7ws'7+--- (20)

0=W1 . 1+3W 1 ,3+5W 1’5+7w1 ,7+- oY

O=w5 1+3W53+5W55+7w$'}+000 *
] ? L ’
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The deflegtion coefficients Vi . miist now be de—

termined from table 1 by solving each equation for the
linear term in terms of the gubic terms and the pressure
coefficients Pr,s- The deflectlon coefficients Wnon

thus obtained are noew substituted inte equations (205
and, for the pressure coefficients Pr,g* @re substituted

their values as given by equation (10). The regulting
equations are,

0=2.835+7.66k,+0.324k;+0.0800k +0.0803k,+0.0145kg+. ..+K,
0=0.0523+0.324k;+1.713k;+0.1405ks+0. 0675k, +0.0360ke+. . .Ky
0=0.00680+0.0800k;+0.1405k;+0. 956kg+0.0690k,+0. 0433ke+. . . +K, %21)

0=0.001767+0.0303k+0.0675k;+0.0690ks+0.660k,+0.0402ke+. . .+K,,

o=o,ooos48+o.0145k1+o.0360k3+o.0435k5+o.0492k,f0.855k9+...+K;J

where X,...Kg are functlons of the pressure p and of

the cubes of the deflection ‘functions wp ,n- _The first 22
terms in the equations for the first five ' 'coefficients K.
are given in table 2. As an example of the use of table 2,

TT4Eh4 /wl 1\3 'f'l'4.».“:..tl4 ,/Wl ‘ 1\:2 /Wl 5 \
Z t 2 + 0.,0062 z \ = e /
pa \ h / pd h / \ &

K, = —-0.805

4 __ 4
m Eh /w N\ 3 w
+ 0.107 — | 1.1 /_iLEB

pa® \ kR / \_ n J (22).

~

SOLUTION OF EQUATIONS
Values of Deflection Coefficients o n and

Edge Moment Coefficients kr
The method of obtaining the required values of the de—
flection coefficients Wm,n @and the edge moment coeffi-

W .

cients k, congists of assuming values for a2 and then
Pba Wi,3 W33 - -

solving for s . s eesy K3, k3, Kg, cee, Dby

Eh h h
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successive approximation from the simultaneous equations
in table 1 and egquations (10) and (21). These calcula—

w .
tions have been madé for-10 values of t;l . The corre—

sponding values of the first 36 deflection coefficients

w
~I.z -and of the first five moment coefficients kr are

g€iven in table 3 and table 4, respectively. éhe error
arising from the use of only the first 22 terms in_the
equations in table 1 will be considered in a later section.

Center Deflection

From equation (12) the center deflection is

@
m+n

(o]
™ . n+n
<
/. —(-1) ® wp g (23)
m=1,3,5 .. n=1,3,5...

wcenter =

The center deflection was obtained by substituting the
values of wy , from table 3 into equation (23) with the
results given in tadble 5 and figure 3. PFigure & shows that
the deflection pressure curve deviates increasingly from a
straight line with increasing deflsection. The deviatilon
exceeds 10 percent for deflections exceeding adbout one-half
of the plate thickness.

Shape of Deflected Surface

The lateral deflection of the plate is obtained by
substituting the deflection coefficients L (table 3)
into equation (12). This calculation has been made along
the center line x = a/2 for very small deflections

w
ter _
cenber << 1l =and for the highest deflection calculated

h

W _ .
-center 1.902 with the results given in figure 4. It

h
is apparent that, as the center deflection increases wunder
increasing normal pressure, catenary tensions become ap—
preciable and the inflection point is shifted toward the
edges of the plate.

L
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" Bending Stress at Midpoint of Edge

The extreme~fiber bending stress at the edge was ob—
tained by substituting equations (6) into equations(3).
This substitution gives, for the extreme—fiter bending
stress perpendicular to the edge at its midpeoint,

( cta ™\ 24 pat -
\ - / . = 3 —k3+1"5-k7+¢- -) (24)
Eh midpoint of edgé m° En* _ ool _
pa®

The values of k, and 5ol given in tabdle 4 were sub-—

: h
‘stituted in equation (24) with the results given in table
5 and in figure 5. Figure 5 shows that the bending stress
perpendicular to the edge at its midpoint deviates in-—
creasingly from a straight line with inecreasing pressure.
The deviation exceeds 6 percent when the deflection 1is

greater than one-half of the plate thickness.

Bendling Stress at.Center of Plate

. The extreme—fiber bending stresses are obtained by
substituting equation (12) into equations (2). Dhis sub—~
stitution gives for the stress at the center of the plate

in any direction, o o n+n
ohg3N : L PR T2 (o2, _2\¥m,n
5 . —_— / .> —(-1) ° (@%+pn®)—=t
B Joenter of plate 3(1~M2) nol nea : -
(25)
Vo on ] L
. The values of h, given in table 3 were substituted in—

to equation (25) with the results given in table 5 and in
figure 5. Figure 5 shows that the bending siress at the
center of the plate is less than one-half of the bending
stress perpendicular to the edge at its. midpoint.

Membrane Stresses

The membrane stresses in the  plate are obtained by
substituting equation (14) into equations (1) and using
equations (15) and equations (16) to determine the values

of the stress coefficients cx, ¥ and bm n This substi-
tution. gives for the membrane stress perpendicular to the
edge at its midpoint, -
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o'a® Wi,1 y Wi,1 Wis '
- 2) = 3,042 <——-———> + 5.24< ( )
Eh midpoint of edge h h - h

Wi 2 Wa Wi, Wi,s Wi,z
——2.67( - )( 3 3>+ 1.za.< )( >+ 15.51< 3
h h . h h n 7/
wWi,3 Wz .3 (W1,3 Wi,5 W3, 3 2
- 36.20( < + 21.95{ + 27.37 (
h h N n h h

' 8

w N\ /W w

- 74.—5/ 503 1’5>'+ 103.7( 1'5\-+...(26)
\ p h n /

and, for the membrane stress at the center of the plate
in any direction,

o 'a® vy, 1\ % Wi, Wi,s
' = 3.042 "—) - 5.44
" h h h

Eh® ‘center of plate

w w Wi,1 Wi, 5\ ¥i,s
+ 4.45( 1”)( 2.3, 10.3s< )( 5)+ 55.09< )a
h n / h h S h
Wi,s3 Wz, 3 Wi,3 Wi,s Wa, 3\
— 55.06 — 93.98 + 27.37
h h h h h

W3, Yi,s Wo,5\8
+ 100,8< ° 3)( >+ 143.3( 15 V4., (27)
h - h n /

Ym,n

h
tuted into equations (26) and (27) with the results given
in table 5 and in figure 5. Figure 5 shows that for pres—

The values of

given 1n table 3 have been substi-—-

. pa
sures less than the maximum computed.(——z-< 40%) , the
: Eh
membrane stresses are smaller than the corresponding
extreme—fiber bending stresses and that they change only
a small amount in going from the edge to the center of
the plate. ) '
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Convergeice of Solufion . 777 CoLT T
An exact solution would require ‘the:use of an infinite
number of terms in the equations of tables 1 and 2. In the
present solution only the first 22 terms were used. The
effect of limiting the number of teérms is brought out by
the comparison in.table 6 of the solution for 2, &, 6, and
22 terms. For example{ the use of only the flrst six terms
in the first equation of table 1, excludlng cubic terms

Wa,z . ¥i,s

involving - g, etq., as factors, gmves %he equa—
h . 'h '
tion : L . . : S
P1,.8 Wi, /"’1.1\ /-WJ. 1 /Wl :5\
0 = — “Z“‘“ + 0. 370 - + 0. 490 \ ) - O 375\
Eh . h - h ’
‘a

3
Wls\\

/ (28a)

F¥1,1\ /¥a,s

\h /\h>-'-3'25<

the use of only the first three terms in the flrst equation
. ¥Wy,5 W3,z

+ 6.28;

of tabdle 1% excluding cubic terms involving s T
¥i,s . S ’ : h h
-—, ete., as factors, gives the equation
h
< 3
—~P1;218 LETS! ‘Wi,
0 = — 4’ — + 0.370 . ) - {({28D)
~m Bh h h

and the use of enly the first two terms in the first equa—

tion of table 1, excluding a2l1ll cubic terms, gives the

equation . L -

Pa, 1a4 ] ' Wi, ¥ s =—
+ 0.370-: - . (28e)

T Eh RN h"_ S e o

o’
]
l

It is evident from table 6 that "the convergence 1is
rapid for the center deflection. The convergence is some—
what slower in the case of the bending stress at the mid—
point of the edge. It is estimated fram table 6 that the
possible error in table 5 is less than 2 percent.

F
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COMPARISON WITH THE RESULTS OBTAINED BY PEEVIOQOUS AUTHORS

The Clamped Recteangular Plate with Small Deflecttions

The.earliest work on the problem of the clamped rec—
tangular plate known to the author is that in 1902 by
Koiplovieh (reference 7). Koialovich solved the predblem
by using trigonometric series, In 1913 Hencky (reference
2), using a method which he credits to M. Levy, made a
thorough analysie of the moments and deflections for
plates with small deflections. In 1914 Boobnov (see p.
222 of reference 4) extended the sscope of Koialovich's
earlier work., Since that time additional work on the
problem extending the analysils to different types of load-
ing and a wider range of plate sizes has been done by
Nadai (reference 8), Timoshenko (references 4 and 9),
Wojtaszak (reference 10), Evans (reference 11), Young
(reference 12);,and Pickett (reference 13). The results
of these authors for the square plate with clamped edges
agree closely with Hencky's results presented in refer—

. ence 2, The present .paper gives, for small deflections,
a value of the center deflectlon of 0.001263 pa“/D as
compared with Hencky's value of 0.001265 pa?/D; and &
value of the bending moment perpendicular to the edge at
midpoint_of 0.0512 a®p comvarod with® Hencky's value of
0.0513 a®p. -

The Clamped Rectanguiar Plate with Large Deflections

The only previous analysis of square plates with
clamped edges under normal pressure prodiucing large de—
flections that is known to the author is the analysis
by Way (reference 3) in which the Ritz energy method 'is
used with polynomials satisfying the boundary conditions
,and contdining 11 undetermined constants, Although his
calculations were made for a Poisson's ratio of 0.3, 1%
appears from Way's analysis of circular plates (refer—
ence 15) that small changes in Poisson's ratio do not
appreclably alter the solution. In figures 6 and 7 are
compared the results obtained by Way in reference 3 with
= 0.3 and the results of the present paper with p =
0.316., The agreement is excellent iwithin 5 percent) for
both the total stress at the middle of the side and the
center deflection. The agreement between the membrane
stresses is not so good., In no case, however, do the
membrane stresses differ by more than 4 percent of the
total stress,
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The Infinite Plate Strip and the Circular Plate

The values of the center deflection and of the ex—
treme—fiber stresses at the center of the sides for a
square clamped plate with large deflection are compared
in figures 8 and ¢ with those for a clamped circular
plate (reference 14). of diameter & and those for a
clamped long rectangular plate {(references 4 and 15) of
width a. As would be expected, the -square plate is more
rigid than the long rectangular plate and more flexible
than the circular plate.

NUMERICAL EXAMPLES - —
Ezample.l o

Calculate the center deflection and the maximum
extreme—fiber stress for a 10— by 10— by 0.05-inch aluminum—
alloy plate (B = 107 1bv/in®, p = 0.316) with clamped
edges, subjected to a normal pressure of 2 pounds per
square inch.

The pressure ratio is:

pa® 2 x 10*

4== =320 . -

Eh 107 x (0.05)*

From figure 3, the corresponding deflection ratio is

Weoenter. ,
S il AL g

h

so that the center deflection is

Yaenter = 1.72 X 0.05 = 0.0860 inch

From figure 5, the maximum extreme—fiber stress ratio for
the edge at its midpoint 1is

ca®
= 65,0

En®

so that the maximum extreme—fiber stress 1is
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107-x. (0.05)° : : - :
¢ = 65.0 = 16,300 pounds per square inch
102 . - . . - - »

Example 2
Calculate the pressure that will produce a maximum
extreme—fiber stress of 30,000 pbunds per square inch in
a 15—~ by 15~ by O. lO—inch aluminum»alloy plate with
clamped édges.

The meximum extreme-fiber stress ratio 1s,

oa® 30000 x 152

En® 107 x (0.10)°

From figure 5, the corresponding pressure ratio is
. .
= 339

En*

s0o that the normal pressure is

339 x 107 x (0.10)%
P = s = 6.70 pounds per square inch
"156

National Bureau of Standards,
Washington, D. C., May 24, 1941.
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TABLE I.- EQUATIONS BETWEELN DEFLEQTION COEFFIQIENTS

[only the first 32 terms have been retalin

w,

m,n

WHEIN POISSON!'S RATIO EQUAL, 0.316

in these equations]

18
Table 1

A¥D PRESSURE COXFFIQIENTS Pr,g

O= O= Om 0= O= 0= 0= O =
34
I ~P1,1 Pz | Pz,s | Pi,s | Pi,7 | Pie | Pi,1 | P13
A w: w w w W w: w ) ¢
1,1 1,3 3,3 1,6 1,7 1,9 1,11 1,13
—_2 —t —
1 0.370-2¢t| 0.261+8) 50.0-3:2 62.5- 118 | 231127 | 62349 1378 Lpl2 aeve
wy 1\®
(—h'—) .490 | -.0838| © 0 0 0 0 0
w 1\" 3
L1} L3 -.376 | 3.143 | -1.17 -.310 | O 0 0 0
dy
(%,_1) _:zi’ ) -.585 | 3.890 .3035| © 0 0 0
1,1\%"1,5
- 5 0 -.210 406 | 8.78 -.3375| 0 0 0
2
. ) ¢
% (—]11—5’) 6.8 | -4.875 | 5.835 | 8.878 | -.250 | O 0 0
<
w1,1 %1,3 ¥3,3
= T -2.34 5.835 | © -7.03 1.135 | © 0 0
w w: w .
%%"’%—5 -.840 | 5.745 |-14.04 | -5.86 8.33 -.593 | 0 0
2
w
= —2'—3) 3.800| o 0 2.385 | -3.386 | © 0 0
W W w .
—]11:—1—213’—;:—5 910 | -7.03 9.54 3.846 | -1.978 | 1.900| O 0
w.
—i&—ié) 13.53 | -3.825 | 3.845| O 0 1.289 | -.347 0
3
('—lh'—s) -3.35 | 30.77 |-10.135 | -8.635 | 1.6635| -.0835 0 0
“w.
(w;’s) :,3 5.636 |-15.19 | 78.1 18.79  |-11.080 810 | © 0
S
(1;'1'—3’)1’;—'5 5.745 |-25.876 | 33.58 | 89.6 |-18.84 4.54 | -.1881 0
3
w
-%ﬁ’ %"3) 0 28.08 0 0 0 -4.55 | 0 0
w w w .
—i'—?’%—;'—s -14.04¢ | 33.58 o -85.13 | 37.78 |-15.00 | 3.348 0
T3 fm1,8)\3 '
2 (2 -5.65 | 89.5 |-85.13 |-40.875 | 30.98 | -8.00 | 3.58 -.3050
3
('-'%*3) ‘0 0 39.68 0 0 0 0 0
2y
_1";_:_3).%:_5 4.7 0 o 101.3  [-18.41 o -8.33 0
] R
w w
_31{'_3(—;'—5) 3.645 |-48.57 |203.4 0 _83.4 28.68 | 0 1.42
)
(:%5) 0 -13.63 0 207.9 |-28.8 0 0 0
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TABLT I (Oontinued)
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Table 1

Om= 0= O= O= O = 0= | O= 0 -
ot
At | “P1,18 Ps,5 | Ps,7 | Ps9| P311 | Ps3 | P55 “Ps,7
w w w w w w We | W
1 47301228 | 1077325 | 31978, 7 | ppgT819 1 cap 81| 5gaa 8,18 | 531 75,5 | 5g"5, 7]
5 B h h h B B
1.1 0 0 o 0 0 o ) 0
W
('_1:_1) 1,3 0 .0035 | © 0 0 0 0 0
h h
F,l “w3.3
1,1°78,3 0 -.584
. ) = 8 o o o 0 0 0
o
('1'1) %?. 0 -1.634 .0w0| o 0 0 0 0
1,1 M1,3 s
L _h_-__) 0 -2.0589 L0036 | O o 0 azs| o
w1,1 %13 %3
i L3 T8 3.690 | -1.380 | © 0 0 -1.261| .0288
h B h :
w w w
_t.,r 71,3 71,5 0 12.683 | -4,088 .0244] © 0 -8.780| .3808
h n_3
w w
1,1( 3,3)
o (220 . 0 0 o ) 0 o o -.303
= - 025
W W w. .
1,1 ¥3,3 1,5
= o} -3.387 4,310 | -1.888 ) 0 o -3.2326
R h & .
w 4
% ('i_.'s) 0 -8.8650 | 4.985 | -.2088| .0100 | © 15.825 | -6.648
 ——
3
—h#) ¢ 4.63 -1.624 | O ) ] -3.125 .350
= 4 '
(f.lhi’ % ) -16.45 | 0 -.831 | 0 0 4.50 | -3.405
wy 3\%%1 5 -
(—h'—) h—’ o . -31.08 30.83 -5.404 .00022| 0 17.85 [(-13.41
1.3 (Y3,3\° '
<= (—h——) 0 18.45 |-15.93 0 0 o 0 o
W w w : .
—iﬁi —:’—3 —it’—5 o 83.90 |-10.04 0 -2.358 | O -67.5¢ | s.83
z
1.3 ("1,5 :
= - o 31.84 [|-46.16 |=24.83 | -3.78 .00023 o 33.10
EE) | '
- - 0 0 o -5.08 0 0 0 0
3_’3) %5 0 0 o o o 0 36.0 |-17.89
F]
w,
75,3(TL.8) o |wer |esar less | o |aem | o fs.do
. aa '
Glh’—sl -.0836 [-39.0 0 -30.85 | 10.858 0 ) 0
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TABLE I (Oontinued) Others
0= 0= 0= Om 0= 0= 0= 0 =
u——a4 )
hEnd “Ps,g “Ps,11 | “Ps5,13 |[~P7,7 ~P7,9 “Pz,11 | “Pg,9 2'1’;,;
5,9 ¥5,11 ¥5,13 wo.7 7,9 wr7,11 3 wg, 9/ (2°+8%)" wy, g
1 1040—"—|1071—;—| 3485 —;—| 889 —~ | 1666~ | 2676 —4— | 3430—4-| —5 g -
3
(';—’1) "0 ) 0 0 0 0 0 )
('1,1)3'1,3
S 0 ) 0 ) ) 0 ) 0
p
1,1\°"3,3
(:h—) - 0 ) ) 0 0 ) ) 0
1,1)3"1,5 '
('h = 0 ) ) ) ) 0 0 0
3 ;
it 13 ('_1_'3 o 0 0 0 o 0 0 o
b Yy .
1,1 ¥1,3 %3,3
T- T o] [»] [»} [a} ] 0 0 o]
w1,1 ¥1,3 W1,5
et Lt LT L) ) )
= R g ) 0 0 0 ) )
w
1,1 (¥3,2
= = 0 ) 0 ) 0 0 ) 0
w w .
1,1 ¥3,2 1,6
RS S s 1135 o 0 ) ) 0 ) 0
5
w
1,1 ('1,5)
h— h_ o] Q 0 .980 o] 0 0 0
3
1,3 .
C-'—ﬁ-’—) ) o} o} 0 o) 0 o} o}
2' [
3,3
('3;—’3) 'i-l"— 0898 0 0 .33 | © 0 ) 0
1,3 iai1,5 .
T 5 1.189 0 0 1.774 0 ) 0 )
)
w
e (f2.3) e | o o o ome| o 5 0
h "y
. w w
_111,_:_5 _%é 2.5 -4.53 .303| o L11.02 1.2388 o 0 0
" 5 (7152 '
= T") -20.91 .887| o0 23,00 4.14 0 0 )
3 g
i) ) ) ) o 0 0 0 0
%) .8
(’%} <= ) -1.418| 0 ) ) .2036 O 0
—
w3,3(%1.,5 .
—h’— —5'— o 0 +8085 | 16.45 -9.60 0 3.84 o]
1,6\°
—= 38.58 -13.83 ) ) -10.58 4.00 o} 0
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Tablgza

TABLE IT.- EQUATIONS BETWEEN THE MOMENT COEFFICIERTS Kr IN EQUATION (21),
THE DEFLECTION OOEFFICIENTS Wy p AND THE NORMAL PRESSURE p

pal < pat z pat < pa? pad .
]n4Eh4 1 n4Eh4 3 n4Eh4 5 174‘Eh4 'n4Eh4 °
= = = =
w5 5 3 .
= -0.805 0.00417 0 0 0
w 3w
(ﬁ) 1,3 .0083 -.138 .00203 0 0
B h
w S w
(.1_»1) 3,38 .107 -.172 .00813 0 0
h B
w 2w . )
(1T,l) _1];—5 -.2875 .0357 -.0386 .000548|{ ©
o : -] ;
—]iﬁ (:'-15’—3) -9.63 .0373 .0088 .000853| ©
1,1 ¥1,3 ¥3.,3
2= - 3.10 -.431 .0415 .00469 o
1,1 1,3 1,5
- 2 2 .43 .175 .0496 .0049 .00053
2 b & .
w w 8
1’1 ( 5’;;3) ~6.34 0 -.0319 .00764 0
w. w w
1,1 78,3 1,51 _ g7 -.073 .0394 -.00879 00196
B B h
w1 ("1, B\ % :
e _BJ_ -23.05 .148 -.0035 .00848 -.00078
wi,3 3 e
hELL -.33 -1.54 ,0448 .00398 .00006
S w
("_Ji{_fﬁ) _‘;z_:” 48.97 -3.24 .0818 .0427 .00116
w 2w
(_13»_3) _lhé -8.50 .303 -.468 -.0005 .0053
3
w
1 3,3
—h—""’- —hi—) -7.59 -2.84 -.315 .0948 00883
w w w.
1,3 ¥3,3 "1,5
S s 30.35 -4.51 .332 -.05189 .0348
w w 3
e (L) | g | s ~.331 oL | -.0048
w 3
T2 0 2.4 0 0 o125
-
w w
(i?-) 1,5 | _13.63 .0 -1.324 .1513 0
B B ‘
w w \
%3 (1T’5.) 3.38 -9.35 .826 -.153 .0375
w 3 N
(.%) -6.99 2.14 -1.482 .1038 -.0058
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TABLE 4.— VALUES OF EDGE MOMENT COEFFICIENTS k,, kg
AS FUNCTIONS OF:THE NORMAL PRESSURE p
pe?
k k k )
- 1 3 5 7 kg
o) -0,372 0.0379 0.0177 0.0084 0.0045
17.8 —.366 . 0362 .0171 .0084 .. 0045
38.3 —-e352 . 0325 0162 .0083 . 0045
134,9 —.286 . «0160 .0125 . 0073 .0042
184,0 —.268 « 0115 L0111 .0089 . 0041
245,0 -. 247 . 0079 . 0099 . 0066 . 0038
318.0 -.230 « 00456 . 0087 .0063 .0038
402.0 -~ +215 .0020 - . 0077 . 0060 . 0036

TABLE 6.,— CONVERGENCE OF SOLUTION AS THE NUMBER OF TERMS USED

IN THE EQUATIONS OF TABLES 1 AND 2 ARE INCREASED FROM 2 TO 22

ga4 Using Using Using Using
Bhd 2 terms 3 terms 6 terms 22 terms
Center deflection chnter/h
63.4 0.8% 0.76 '0.702 0.695
184,0 .2.,52 1.50 1,34 1,323
402.0 5,51 2.15 1.94 1,902
Bending stress perpendicular to edge
at its midpoint o"a?/Bh%

63.4 19,4 16,9 16.6 16,97
184.0 56.3 36,1 37.2 38.2
402.0 123.1 59.5 63.6 66,2




TARLE 5.~ CENTER DEFLECTION, EENDING STRESSES OV, MEMBRANH STRESSES o', ARD
BXTREME-FIBER STRESSES o AS A FUNCTION CF THE LATEBAL FEESSURE p.

[ = 0.316]

Pressure Center Stress at midpoint 6f edge Stress ab center of plate
deflection {perpendicular to edge) in any direction
pe.t ¥contor (i AL ga? g'a® | gla? g3
Hn 4 h Eh? Eh? Eh? Eh2 Eh? En?
0 0 0" 0 0 0 0 0
17.79 257 5.36 .12 5.U8 2.5 1k 2.6
38.3 471, 11.05 A7 11.52 k.6 .62 Bel
634 .595 16.97 1.06 18.03 6.7 1.33 8.0
95.0 -.912 23,45 1.87 25,32 8.8 2.27 11.1
134.9 1.121 30,6 2.92 73.5 9.9 3.#3 13.3
184.0 1.3%23 38.2 L.23 ho Y 11.1 479 1549
2l5.0 1,521 | 47.0 5.78 52.8 12,9 | 6.4 | 19.2
316.0 L7k | 56.3 7.60 63.9 13.8 §.08 | 2.9
%02.0 1.902 66,2 9.64 75.8 15.1 10.02 25.1

© LG °OK 810N TBOTUYOSE VOVK
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Figure 1.~ Uniform normal pressure on a
olamped square plate.
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Figure 3,- Oenter deflection of square plate with clamped edges. p = 0.318.
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Figure 2.— Auxiliary pressurs distribution for applying
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| R, Clomped forg recfa/:f;qu/ar' plate (ref. 16) |
Porsson’s ratffo, 0.3/6.
S, Clomped square plate (present paper)
— Poissorr’s ratio, 0.3/6. -
C, Clamped cireular plafe (reference 3)
Pojssorr’s ratio, 0.3
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Ffigure 9.- Variation of maximum extrems fiber stress at edg-e
. with pressure for square plate, circular plate,
and long rectangular plats.
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Figurs 8.- Variation of deflection at oenter with pressure

for square plate, clrcular plate, and long
reotangular plate.
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